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A b s t r a c t
The aim of this study was to use AHP method to analyze seven types of windows in terms of cost-effectiveness of their design-
ing in building partitions. The analysis referred to price as well as thermal and acoustic insulation for various construction
and material solutions of window glazing. Using the analysis it was verified what windows are profitable to be used for var-
ious structural solutions in the existing buildings and how the thermal and acoustic coefficient is shaped at given structur-
al solutions. Currently employed requirements for technical parameters of window and door frames adopted in regulations
and standards are firmly tightened, including one saying that, since 1.01.2014 heat transfer coefficient for the window can-
not be higher than 1.3 W/(m2K), (Polish requirement) which is why all producers’ offers analyzed in this study have high
standard technical features. Of course, among them there are better and worse offers, but each of them is sufficient in the
light of the provisions and standards. That is why the work uses the price per set of two windows as a decisive and most
essential criterion. The employed research method involves selecting windows available on the market with different ther-
mal, acoustic parameters and price, and then using the AHP method the best solution was chosen for a wide variety of
structural walls significantly different in heat transfer coefficient. The result of the work is to determine the windows para-
meters applied for a variety of wall constructions.
S t r e s z c z e n i e
Celem niniejszej pracy było zastosowanie metody AHP do analizy siedmiu rodzajów okien pod kątem opłacalności stosowa-
nia ich w projektowanych przegrodach budowlanych. Analiza dotyczyła ceny oraz współczynników izolacyjności termicznej
i akustycznej przy różnych rozwiązaniach materiałowo konstrukcyjnych przeszkleń okiennych. Za pomocą analizy spraw-
dzono jakie okna opłaca się zastosować dla różnych rozwiązań konstrukcyjnych istniejących budynków i w jaki sposób przy
danych rozwiązaniach konstrukcyjnych kształtuje się współczynnik izolacyjności termicznej i akustycznej. Obecnie przyjęte
w rozporządzeniu wymagania dotyczące parametrów technicznych stolarki okiennej i drzwiowej są mocno zaostrzone, m.in.
jest w nich zawarte, że od 1.01.2014r. współczynnik przenikania ciepła przez okno nie może być wyższy niż 1.3 W/(m2K)
(wymagania polskie), dlatego wszystkie oferty producentów analizowane w niniejszej pracy mają parametry techniczne na
wysokim poziomie. Oczywiście, wśród nich są oferty lepsze i gorsze, ale każda w świetle przepisów i norm jest wystarczają-
ca. Dlatego do pracy przyjęto jako kryterium decydujące cenę za komplet dwóch okien.
K e y w o r d s : Acoustic insulation; APH analysis; Heat transfer coefficient.
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1. INTRODUCTION
In the surrounding architectural space we can meet
windows almost everywhere. The primary function of
the window, just like each building partition, is to
separate the indoor environment from the external
environment. Derivatives of that function of the win-
dow are functions related to thermal and acoustic
insulation of building partitions. According to the art.
9 of Directive 1010/31/EU, after 2020, all newly con-
structed houses must be characterized by almost zero
demand for heat. Minimization of energy demand –
including the energy for heating purposes demanded
in northern and eastern Europe conditions – is asso-
ciated with the so-called policy of sustainable devel-
opment. Polish legislation (Regulation of the
Minister of Infrastructure on the technical conditions
to be met by buildings and their location) also fit in
with this policy. The above mentioned regulation
refers to the requirements for energy savings, includ-
ing: how to calculate the limit values of the primary
energy as well as heat transfer coefficients of building
partitions or window glazing. The problem has been
referred to in many works.
Idczak and Firląg [1] showed the place of a window in
the energy balance of a passive building and then
they have linked their observations with thermal
comfort of rooms. Duda [2] stated that selecting win-
dows should be guided by economic calculation, i.e.
spending on windows and cost of use related to the
amount of energy that permeates through the win-
dows, multiplied by the price of energy. Marcin
Szewczuk [3] notes that growth in the window profiles
systems is moving toward reducing the heat transfer
coefficients of these profiles. Also the work [4] ana-
lyzes 68 types of windows and balcony doors oriented
to the cardinal points and demonstrates that the ther-
mal efficiency of windows depends on the parameters
of used glass and frame, total solar radiation incident
on the glass in the window as well as coefficient of
glazing. It has also been determined that the coeffi-
cient of glazing is the most important indicator of the
window thermal efficiency.
The most modern ones that are still in the research –
prototype phase are electrochromic windows. It is
one of the glazing technology that enables regulation
of the solar radiation transmission properties. Ones
of the first researchers dealing with this issue were
Azens and Granqvist [5], who in their work dealt with
chemical compatibility between the electrolyte and
electrochromic film of tungsten oxide and zinc oxide
leading to deficiency of the loss of optical trans-
parency of such a window. The smart windows have
already been written about. Watanabe [6] in his work
examined the insulation between the panes in the
form of a laminate with high viscosity of aqueous
solution of the polymer or hydrogel. Yet another win-
dow function is related to saving of electricity [7].
Ghisi and Tinker in their work note that many build-
ings are designed in such a way that day light is not
well integrated with artificial lighting and they pro-
pose their own way to solve this problem.
Lee and Tavil [8] proposed appropriate window con-
trol in order to save heat energy which results in sav-
ings primary energy up to 10%.
Windows play a large role in terms of energy effi-
ciency of the building. As shown by Yao and Zhu [9]
from the point of view of energy consumption win-
dows are the weak point of the building envelope.
Another very important function of the window, and
often underestimated when designing, is the acoustic
insulation. It was Dulak [10] who wrote on the effects
of insulation on the sound insulation of building par-
titions. On the other hand Nurzyński in his work [11]
analyzed the impact of the glass embedment method
on its acoustic properties. Based on the literature
[12, 13] it is known that the shape of the glass surface
may affect its acoustic properties. An extensive series
of laboratory measurements of sound transmission
through the windows have been taken by Quirt [14],
and it concerned, among other things, sound trans-
mission losses depending on the thickness of the glass
and the void between the panes. Similar studies have
been performed by Tadeu and Mateus [15]. Their
research concerned the number of panes, their thick-
ness, the thickness of the air gap between the glass
panes and the type of mounting frames.
As it can be seen from the literature review window
glazing was and is the subject of many studies, both
acoustic as well as that regarding energy efficiency. If
we add the financial cost of buying windows then a
multi-criteria analysis used to select the optimal solu-
tion is legitimate. Hierarchical Method Analysis
(AHP) used in this work was developed by Saaty [16].
This method of construction is often used in civil
engineering. Kuzman and his team [17] looked for
optimal solutions due to the use of building materials
and various types of structures in the design of ener-
gy efficient buildings. Another use of AHP method in
the analysis of thermal comfort is the work of Liu
[18]. The authors using the AHP techniques analyzed
the thermal comfort in buildings due to the state of
residents’ health, the air in the building, personal
physical factors as well as thermal expectations.
The multi-criteria methods are also applied when
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selecting windows for use in residential buildings or
public use buildings. In their work the authors
Fontenelle and Bastos [19] analyzed selection of win-
dows with the use of multi-criteria techniques taking
into account size, type of glass and sun protection.
They sought compromise solutions due to interiors
sunlight and energy efficiency of buildings.
In this study, the authors want to note that the AHP
method can help designers and residents at a reason-
able choice of window glazing due to the optimiza-
tion of all relevant parameters. The aim of this work
is to apply the AHP technique to select the optimal
solution for windows due to the following criteria:
thermal insulation, acoustic insulation and the finan-
cial criterion. Sought optimal solutions are related to
different designs of building partitions.
2. METHODOLOGY
The method of AHP analytic hierarchy process
developed by Saaty [16] is used primarily for the
selection of decision variants. These variants can be
physical objects, in our case, these are the windows of
different parameters used for different wall construc-
tions. AHP method is recognized multi-criteria
approach and is based on the compensation strate-
gies of preferences modeling at the assumption of
comparable variants. The author of AHP method
[16] introduced the 9-point scale for comparing pairs:
1 – equal significance – both factors equally con-
tribute to achieving the objective
3 – slight advantage – slightly preferred one factor
over another
5 – a strong advantage – strongly preferred one factor
over another
7 – very strong advantage – very strong preference of
one factor over another, confirmed by the practice
9 – absolute dominance – dominance of one factor
over another is absolute, confirmed by practice.
Intermediate marks/rates can be assumed 2, 4, 6, 8.
After comparing pairs the degree of their mutual
domination is determined, as shown in the following
table:
where:
K1, K2, …, Kn – compared criteria
where
ei – absolute rank of criterion Ki ,
ej – absolute rank of criterion Kj ,
As can be seen from the matrix comparisons A i-th
the row is the inverse of j-th column, (i, j = 1, 2, ..., n),
so there is equality
the components of the eigenvector w represent the
weight of priorities. With the comparisons matrix A
and matrix and unit matrix I the unknown vector w
can be calculated when solving the system of equa-
tions
Due to the construction of the matrix A non-zero
solution of the system (3) is the only non-zero eigen-
value of matrix A. Thus the system (3) can be written
as follows:
λmax – is the principal eigenvalue of A.
The advantage of AHP method is a verification of the
experts’ assessments/rates reliability by examining the
inconsistencies of matrix of priorities. Saaty proposed
measuring inconsistency of matrix of priorities with
the use of index
where n – number of characteristics.
If the values ICI exceed 0.1 then according to Saaty we
are talking about too little consistency of matrix of pri-
orities, which should be rejected and the process of
weighting characteristics shall start from the beginning.
The above presented AHP method can be applied for
the below problem
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Table 1.
Manufacturers data: variant A, B, C and D
* The manufacturer provides the same Uw for all window sizes
Table 2.
The construction of the external partitions [20]
analysed feature description A description B description C description D description E description F description G
glass pane 4TM/18/4/18/4TM
4TM/18/4/18/4
TM
4TM/16/4/16/4
TM 4/16/4TM 4/12/4
4TM/12Ar/4/1
2Ar/4TM
4TM/18/4/18/4
TM
material PVC PVC PVC PVC wood wood aluminium
Uw
1500x1500 [W/(m2K)]
0.86 0.76 0.86 1.3 1.35 1.15* 0.80*
Uw
1800x2300 [W/(m2K)]
0.78 0.71 0.73 1.41 1.48 1.15* 0.80*
acoustic
insulation [dB] 33(-1,-5) 34(-1,-5) 35(-2,-5) 35(-2,-5) 33(-1,-5) 33(-1,-6) 33(-2,-6)
price for set [zł] 3758.08 4750.64 4215.55 2237.31 3134.65 6915.2 6958
Partition construction of the partition heat transfer coefficient
City tenement up to 5 storeys, varied wall thickness for floors
years 1896–1914
1. cement-lime plaster 1.5 cm
2. brick masonry 25 cm
3. air gap 7-9 cm
4. The brick wall of ceramic veneers 25 cm
General construction of a housing, public buildings with a height of two floors
above ground. Also used as a filling of stud wall.
years from 1980
1. Internal plaster 1.5 cm
2. Wall made of MAX airbrick 29 cm
3. Thermal insulation 10 cm
4. Solid brick 12 cm
5. Cement-lime plaster 1.5 cm
General construction of a housing, public buildings with a height of two floors
above ground. Also used as a filling of stud wall.
years 1968–1985
1. Concrete layer 15 cm
2. Mineral wool insulation 6 cm
3. Concrete layer 6 cm
Residential buildings, commercial buildings, livestock buildings, warehouses
years from 1991
1. Internal plaster 0.5 cm
2. Polystyrene 5 cm
3. Concrete layer 15 cm
4. polystyrene 5 cm
5. external plaster 1 cm
General construction of a housing, public buildings with a height of two floors
above ground.
years from 1996
1. Internal plaster 1.5 cm
2. Wall made of Porotherm airbrick 30 cm
3. Thermal insulation 10 cm
4. Elevation lining 0.5 cm
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Calculations are made for seven offers of window
manufacturers identified by means of subsequent
capital letters A, B, ..., G (Table 1), each producer
offers two windows of different sizes and for five dif-
ferent constructions of the external partitions. Table
2 shows the construction of the external partitions.
The combinations of the solutions described in Table
1 with solutions presented in Table 2 indicate the con-
sidered variants. These variants have been consid-
ered using the three below characterized criteria.
• Price, the lower the price for a set of windows the
higher the score of the option/variant;
• Changes in average coefficient of thermal insula-
tion calculated for the part of an external partition
size 5.6 m × 3 m and window frames (two windows
of different sizes) with a coefficient declared by the
manufacturer, then the average coefficient Umean
compared with the coefficient U of a wall, express-
ing in a percentage their change , the calculations
assume that if the average coefficient Umean has a
value closer to the coefficient U of the wall itself
then a given window receives better
note/evaluation;
• acoustic insulation of the partition with the win-
dow, expressed by the weighted index of an
acoustic insulation decreased by Ctr adaptive index,
on that basis an acoustic insulation index RA2 was
received, calculations of the resultant sound insula-
tion Rres for wall with window were made in accor-
dance with the procedure included in the ITB man-
ual No. 369 / 2002, in order to compare values with
each other it was calculated what percentage of the
resultant sound insulation value Rres makes sound
insulation of the partition itself, based on these val-
ues assessment of the options was carried out, the
higher the resultant acoustic insulation, the higher
the rating of a given variant.
3. RESULTS
The calculations and the results of the process of
establishing the criteria validity have been presented
below. It has been assumed (Table 3) that the price
has minimal advantage over the currently restrictive
regulations related to maximum heat transfer coeffi-
cients. Moreover, the price is slightly preferred to
sound insulation, as it depends on the external noise
and is not always subject to stringent restrictions. In
contrast, thermal and acoustic insulation, without los-
ing the cohesion of the matrix, is set in a position of
equilibrium.
Checking the consistency of the matrix:
The further analysis assumed:
Surface of the wall with windows:
3 m · 5.6 m = 16.80 m
Surface of the windows:
1.5 m · 1.5 m + 2.3 m · 1.8 m = 6.39 m
Surface of the wall reduced by windows surface:
16.80 m – 6.39 m = 10.41 m
Analysis of the wall – MAX airbrick
U of the wall : 0.283 W/(m2K)
Rw of the wall: 71(-2-7) dB*
* value estimated on the basis of the data contained
in the paper [21]
Table 4 presents the results of the final multi-criteria
analysis for external partition made of a hollow brick
Max. In the first line under the criteria name there are
their weights, while in the individual columns there
are percentage results for each criterion. The last col-
umn shows the final results for the individual variants
A to G. The best variant is D, and the worst F. The
results are also shown graphically in Fig. 1.
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Table 3.
Validity criteria
price change U acoustics aij % weigh
price 1 2 3 0.1386 54.99 0.5499
average U 0.5 1 1 0.0605 24.02 0.2402
Rw2 0.333333 1 1 0.0529 20.98 0.2098
c
1 2 3
1 1 1 0
2
1 1 1
3
λ
λ
λ
−
− =
−
, max 3.018λ ≈ , 0.009 0.1ICI = <  
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Figure 1 shows that from the point of view of an
investor for whom the price is the most important cri-
terion, the best option for partitions made of a MAX
airbrick is variant D. It is best in terms of price, but
the other parameters are on a fairly low level.
However, the second place takes variant C, whose
price is twice as high as that of variant D, but its other
parameters are definitely better. If the price was not
a decisive criterion, variant C would prove to be the
best.
Analysis of the wall – ceramic brick
U of the wall: 1.083 W/(m2K)
Rw of the wall: 46(-3-3) dB*
* value estimated on the basis of the data contained
in the ITB instruction no 396/2002
Table 5 shows the final results of the multi-criteria
analysis for external partition made of ceramic bricks.
In the first line under the criteria name there are
their weights and in particular columns are percent-
age results. The last column shows the final results
for the individual variants A to G. The best option D,
and the worst case F. The results are also shown
graphically in Fig. 2.
Figure 2 shows that from the point of view of an
investor for whom price is the most important criteri-
on, the best solution for a partition made of ceramic
bricks is variant D. It is best in terms of price, but
other parameters are on a fairly low level. On the
other hand, the second place belongs to the variant E,
whose thermal and acoustic parameters are on a sim-
ilar level as variant D, but it was rated worse, as its
price is about 50% higher than the one’s in variant D.
The third place belongs to variant C, whose price is
significantly higher than the variants D and C, but its
other parameters are definitely better. If the price
was not a decisive criterion, variant C would prove to
be the best.
Analysis of the Wk – 70 wall system
U of the wall: 0.559 W/(m2K)
Rw of the wall: 53 (-1,-5) dB*
* value estimated on the basis of the data contained
in the ITB instruction no 396/2002
Table 6 shows the results of the final multi-criteria
analysis performed for external partition made in the
system Wk-70. The best variant is D, and the worst F.
The results are also shown graphically in Fig. 3.
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Figure 1.
The results of multi-criteria analysis for wall made of a hol-
low brick Max
Figure 2.
The results of the final multi-criteria analysis for a wall
made of ceramic brick
Table 5.
The results of the final multi-criteria analysis for external
partition made of ceramic brick
PRICE CHANGE U ACOUSTICS Result
0.5499 0.2402 0.2098
A 14.59 13.09 7.81 12.81
B 7.19 6.82 23.97 10.62
C 10.81 8.81 48.03 18.14
D 38.86 19.45 7.81 27.68
E 23.86 15.96 7.81 18.60
F 2.58 25.13 2.28 7.93
G 2.12 10.74 2.28 4.22
Table 4.
The results of the final multi-criteria analysis for external
partition made of a Max airbrick
PRICE CHANGE U ACOUSTICS Result
0.5499 0.2402 0.2098
A 14.59 14.95 8.22 13.34
B 7.19 32.77 23.07 16.67
C 10.81 24.07 46.82 21.55
D 38.86 2.58 8.22 23.71
E 23.86 2.11 8.22 15.36
F 2.58 4.21 2.72 3.00
G 2.12 19.31 2.72 6.37
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Figure 3 shows that from the point of view of an
investor for whom price is the most important criteri-
on, the best solution for a partition made in system
Wk-70 is variant D. It is best in terms of price, but the
other parameters are on a fairly low level. However,
the second place takes variant C, whose price is twice
as high as that of variant D, but its other parameters
are definitely better. If the price was not the decisive
criterion, variant C would prove to be the best.
Analysis of the wall – Thermomur hollow brick
U of the wall: 0.335 W/(m2K)
Rw of the wall: 42 (-2,-4) dB*
* value provided by a Technical Approval ETA-
07/0018
Table 7 shows the results of the final multi-criteria
analysis for external partition made of a hollow brick
Thermomur. The best variant is D, and the worst F.
The results are also shown graphically in Fig. 4.
Figure 4 shows that from the point of view of an
investor for whom price is the most important criteri-
on, the best solution for a partition made a hollow
brick Thermomur is variant D. It is best in terms of
price, but the other parameters are on a fairly low
level. However, the second place takes variant C,
whose price is twice as high as that of variant D, but
its other parameters are definitely better. If the price
was not the decisive criterion, variant C would prove
to be the best.
Analysis of the wall – Porotherm airbrick
U of the wall: 0.224 W/(m2K)
Rw of the wall: 52 (-2,-4) dB*
*value estimated on the basis of the data contained in
the ITB instruction No. 396/2002
C
I
V
I
L
E
N
G
I
N
E
E
R
I
N
G
e
3/2016 A R C H I T E C T U R E C I V I L E N G I N E E R I N G E N V I R O N M E N T 101
Figure 3.
The results of multi-criteria analysis for the wall made in
system made Wk-70
Figure 4.
Results of multi-criteria analysis for the wall made of a hol-
low brick Thermomur
Table 6.
The results of the final multi-criteria analysis for external
partition made in Wk-70 system
PRICE CHANGE U ACOUSTICS Result
0.5499 0.2402 0.2098
A 14.59 15.41 7.81 13.36
B 7.19 28.81 23.97 15.91
C 10.81 23.64 48.03 21.70
D 38.86 4.28 7.81 24.04
E 23.86 3.51 7.81 15.61
F 2.58 5.56 2.28 3.23
G 2.12 18.78 2.28 6.15
Table 7.
Results of multi-criteria analysis for the external partition
made of a Thermomur hollow brick
PRICE CHANGE U ACOUSTICS Result
0.5499 0.2402 0.2098
A 14.59 15.26 7.76 14.07
B 7.19 30.81 24.61 18.12
C 10.81 24.33 47.68 20.11
D 38.86 3.30 7.76 21.85
E 23.86 2.50 7.76 13.94
F 2.58 4.78 2.22 3.37
G 2.12 19.02 2.22 8.54
c
A . N o w o ś w i a t , M . L e s z c z y ń s k a
Table 8 shows the results of the final multi-criteria
analysis for the external partition made of a Porotherm
airbrick. The best variant is D, and the worst F. The
results are also shown graphically in Fig. 5.
Figure 5 shows that from the point of view of the
investor for whom price is the most important criteri-
on, the best option for partitions made of a Porotherm
airbrick is variant D. It is best in terms of price, but the
other parameters are on a fairly low level. Second
place takes variant C, whose price is twice as high as
that of variant D, but its other parameters are defi-
nitely better. If the price was not the decisive criterion,
variant C would prove to be the best.
4. ANALYSIS AND DISCUSSION OF
RESULTS
The above multi-criteria analysis was performed for
the five constructional variants and seven variants of
windows framing. Variants of windows identified by
consecutive capital letters of the alphabet from A to
G were evaluated in terms of three criteria: the price,
change of the thermal insulation as well as change of
acoustic insulation. The above analysis assumes that
the windows analyzed are mounted into the existing
buildings. Their installation is a replacement of the
existing windows of much worse thermal and acoustic
performance and parameters. At the beginning of the
analysis the validity of the criteria was determined
that is which criterion for a potential investor is most
important, and which the least. On the basis of calcu-
lations it was agreed that the price criterion decides
in approx. 55%, change in the thermal insulation fac-
tor in approx. 24%, while the change in sound insula-
tion in approx. 21%. A summary of all the results of
individual analyzes is shown in Fig. 6.
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Figure 5.
The results of multi-criteria analysis for wall made of a
Porotherm airbrick
Figure 6.
Comparison of the results of analysis of all options
Table 8.
Results of multi-criteria analysis for the external partition
made of a Porotherm airbrick
PRICE CHANGE U ACOUSTICS Result
0.5499 0.2402 0.2098
A 14.59 15.39 7.81 13.36
B 7.19 33.73 23.97 17.09
C 10.81 24.23 48.03 21.84
D 38.86 2.34 7.81 23.57
E 23.86 1.84 7.81 15.20
F 2.58 3.72 2.28 2.79
G 2.12 18.76 2.28 6.15
A P P L I C AT I O N O F H I E R A R C H I C A L A N A LY S I S M E T H O D T O D E S I G N T H E S T R U C T U R A L PA R T I T I O N S . . .
It can be noted in Fig. 6 that regardless of the con-
struction solution variant D is the highest ranked
variant. The biggest and decisive advantage of this
variant is its price, which is the lowest among all vari-
ants in a substantial way. However, other parameters
of this variant are at the lowest level among all ana-
lyzed windows. In the second place the most common
variant is C whose price and thermal insulation clas-
sify the window in the middle of the analyzed vari-
ants, but the sound insulation is on the highest level
among the analyzed variants. An exception is the par-
tition made of ceramic bricks, where in the second
place, with a slight advantage over variant C, is vari-
ant E.
Variant E, compared to variant D, has got a price
higher by approx. 40%, and thermal insulation is infe-
rior to a small extent, at the level of 0.02 W/(m2K),
whereas sound insulation is identical. While the price
of a variant E constitutes less than 75% of variant C
price, the other parameters are definitely better in
case of variant C. Variant E comes in at second place
in the case of this design solution as the external par-
tition itself has a very high heat transfer coefficient,
which makes the installation of windows of very good
thermal performance useless and pointless. The last
and the last but one place belong to variants F and G,
whose price is disproportionally high compering to
other variants. In six out of seven cases variant G is
on the sixth place, and variant F on the seventh. An
exception is the partition made of ceramic bricks, in
which variants F and G have swapped places in com-
parison to other constructional cases.
5. CONCLUSIONS
The above analysis does not take into account the
values and aesthetic preferences of the potential
investor. The presented windows include windows
made of PVC, wood and aluminium. The analysis
showed that when choosing a window for the external
partition with a high coefficient of heat transfer, e.g.
such as for wall made of ceramic bricks
1.083 W/(m2K), there is no sense in choosing a win-
dow with a low heat transfer coefficient because hav-
ing a wall of fatal thermal parameters one should
choose a window with a similar coefficient of heat
transfer and lower price. The huge influence on the
heat transfer coefficient of the window and its price
has design of glass unit. Simpler solutions of sets of
glass panes are much cheaper than those more
advanced. But in case of the analyzed structural solu-
tions for the external partitions the cheaper variants
turned out to be better.
If the external partition of the energy-saving building
was analyzed where the lowest possible heat transfer
coefficient counts, the price could not be the decisive
criterion. Variant D has proven to be the best for all
design solutions. In some cases, the second place
result is very similar to variant D and having the
opportunity to choose a more expensive offer one
could select an offer from the second place.
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